Water reuse has become increasingly important for sustainable water management. Currently, its application is primarily constrained by the potential health risks. Presently there is limited knowledge regarding the presence and fate of opportunistic pathogens along reuse water distribution pipelines.
INTRODUCTION
Urbanisation and population growth have resulted in increased pressure on available water resources. Consequently, there is a need for more efficient use of water, both in urban and rural environments (Toze ) . Water reuse is currently being considered as a potentially significant tool for sustainable water management and its implementation may have major ecological and economic benefits (Casani et al. ) . The application of water reuse is predominately constrained by the potential public health risks (Chen et al. ) . Water reuse guidelines currently focus on treatment processes that provide multiple barriers for pathogen control and include monitoring of indicator organisms such as faecal coliforms and intestinal nematodes (Harwood et al. ) . However, there are few data regarding the presence and public health risk of opportunistic pathogens in reuse water (Maimon et al. ) .
Legionella spp. and Mycobacterium avium complex (MAC) are opportunistic human pathogens that have been associated with potable water distribution systems as a source of infection (Kool et (Marston et al. ; Todd ) .
It is difficult to determine the specific number of MAC cases as it is responsible for a wide spectrum of illness 
Enumeration of coliforms
Escherichia coli and total coliforms were enumerated with Colilert™ trays (IDEXX Laboratories, NSW, Australia) using the standard method. (Staroscik ) . A 1 in 10 series of dilutions (ranging from 10 9 to 10 0 copies) was created using the Corbett Research liquid handling system (Corbett Research, Sydney, Australia). This was used to determine both the limit of detection of each assay and the calculated copies.
The limits of detection for the PCRs were 2.5, 2.5 and 25 copies/reaction for Legionella spp., L. pneumophila and MAC, respectively. If amplification was not detected or the melt curve was incorrect the sample was allocated a value of half the limit of detection. If a sample contained multiple melt peaks with a >1 W C shift from the expected Tm, this value was not included (Giglio et al. ) .
Statistical analysis
Statistical analysis of results was conducted using Graph Pad TM Prism 5.0 (Graph Pad Software Inc., CA, USA). Comparisons of the average calculated copies were performed using one-way analysis of variance (ANOVA) with a Bonferroni post hoc test; statistical significance was accepted at P < 0.05.
RESULTS
Legionella spp., L. pneumophila and MAC were detected using qPCR in all distribution systems during each season of sampling with maximum concentrations of 10 5 , 10 3 and 10 6 copies/mL, respectively. The average concentration and standard deviation detected for each organism is shown in Table 2 for DS1 and Table 3 The significant increase in copies/mL detected along a distribution pipeline (Tables 2 and 3 ) could be due to contamination of the pipeline or detached biofilm fragments causing higher cell counts. However, it was inferred that it was most likely due to multiplication and indicated the presence of viable organisms. This was supported by the fact that The multiplication within the biofilm indicates viability and persistence, and the sporadic release of concentrations of public health concern. The increase along the pipeline observed during winter could be explained by increased rainfall (Australian Bureau of Meteorology ), which has been shown to also coincide with an increase in Legionellosis cases (Hicks et al. ) .
Although the chlorine residual decreased along the pipeline, there was no seasonal relationship with the decrease and hence the decline in chlorine residual does not singularly explain the increase in Legionella, L. pneumophila or MAC. This was supported by the observation that, for each sampling period, the chlorine residual in the water leaving the processing plants was significantly different between systems, but the concentrations of Legionella spp. and L. pneumophila was not significantly different (P > 0.05).
Coliforms were not detected at any time leaving either processing plant, but were later detected along the pipeline.
This could be due to contamination of the pipeline or recovery of the coliforms. Previous studies have demonstrated The number of total coliforms was not representative of the number of opportunistic pathogens. The presence of potentially viable opportunistic human pathogens in reuse water distribution pipelines is a potential public health concern if the reuse water is used for applications that produce aerosols. This study highlighted the need for a better understanding of how water quality parameters, disinfection protocols and environmental factors (plumbing materials, temperature, flow rate, frequency of use, chlorine residual and organic content) influence opportunistic pathogen growth along these systems. There is also a need for accurate risk assessments regarding the different applications of this recycled water that specifically account for the potential presence of Legionella and MAC.
